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I.  INTRODUCTION 


Cavities,  or  rectangular  cutouts,  exposed  to  fluid  flow  can  produce 
an  intense  aero-acoustic  environment.  Past  experience  has  shown  that 
severe  fluctuating  pressures  exist  in  aircraft  weapons  bays  under  certain 
flight  conditions.  The  amplitude  of  the  fluctuating  pressures  can  be 
sufficiently  high  to  cause  structural  damage,  malfunction  of  equipment, 
and  problems  with  store  separation  and  trajectories. 

The  aero-acoustic  phenomena  associated  with  pressure  oscillations 
excited  by  flow  over  open  cavities  has  been  studied  during  the  past  twenty 
years  by  several  investigators  (References  1-8).  Some  knowledge  has 
been  gained  about  the  phenomenon  but  due  to  the  complex  nature  of  the  prob¬ 
lem,  it  is  not  completely  understood.  Methods  to  predict  the  pressure 
oscillations  in  shallow  cavities  have  been  reported  in  Reference  3.  These 
methods  are  empirical  and  are  based  on  wind  tunnel  results.  A  test  pro¬ 
gram  was  established  in  the  Air  Force  Flight  Dynamics  Laboratory  to  verify 
and/or  refine  these  data  from  flight  tests.  Five  cavity  configurations 
were  tested.  This  report  presents  the  results  obtained  for  the  cavities 
with  a  length  to  depth  ratio  (L/D)  of  5  and  7.  In  addition,  results  from 
a  cavity  with  a  store  are  included.  The  measured  data  were  correlated  with 
the  empirical  wind  tunnel  aero-acoustic  predictions  and  with  the  prediction 
method  that  resulted  from  the  L/D  =  4  data  (Reference  1).  Equations  similar 
to  those  used  to  predict  the  pressure  oscillations  for  a  cavity  with  L/D  =  4 
were  determined  for  the  other  L/D  ratios.  A  brief  description  of  the  flight 
test  program  is  given  in  Section  II  and  the  prediction  method  for  each  L/D 
ratio  is  presented  in  Section  III.  Section  IV  presents  the  major  conclusions 
determined  from  this  effort.  A  detailed  description  of  the  cavities,  instru¬ 
mentation  and  data  reduction  methods  is  given  in  Appendix  A.  Appendix  B 
presents  the  test  procedure  and  results,  and  Appendix  C  contains  all  of  the 
Tables  and  Figures. 
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II.  TEST  PROGRAM  SUMMARY 


The  complete  program  included  the  flight  testing  of  five  cavity  con¬ 
figurations;  three  empty  cavities,  one  with  an  ogive  store,  and  a  closed 
cavity  configuration  to  determine  the  existing  boundary  layer  character¬ 
istics.  All  flight  tests  have  been  completed.  The  results  for  one  of 
the  empty  cavities  and  the  closed  cavity  were  presented  in  Reference  1 
with  the  results  for  the  remaining  three  configurations  being  presented  in 
this  report. 

Each  of  the  five  configurations  were  tested  at  constant  pressure 
altitudes  of  3,000  ft,  20,000  ft,  and  30,000  ft.  The  range  of  Mach  numbers 
tested  were  0.61  -  0.93  at  3,000  ft  and  0.61  -  1.30  for  20,000  ft  and 
30,000  ft.  Continuous  data  were  recorded  as  the  aircraft  slowly  accelerated 
from  the  lowest  Mach  number  to  the  highest  Mach  number.  For  each  flight 
condition,  with  the  open  cavity,  fluctuating  pressures  were  measured  at 
nine  locations  in  the  cavity  and  static  pressures  were  measured  at  three 
cavity  locations.  In  addition,  vibration  levels  were  measured  with  an 
accelerometer.  For  the  closed  cavity,  instrumentation  was  provided  to  define 
the  boundary  layer  characteristics  prior  to  opening  the  cavity  which  included 
a  microphone,  thermocouple,  static  pressure  port  and  pressure  rake. 

Data  were  recorded  on  a  FM  magnetic  tape  recorder  and  data  reduction 
and  analysis  were  performed  in  the  laboratory.  Details  of  the  test  pro¬ 
cedures,  instrumentation,  data  reduction  and  analysis  are  given  in  Appendix 
A. 
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III.  RESULTS 


The  principal  result  of  this  effort  is  the  aero— acoustic  environment 
prediction  method.  The  method  is  presented  in  five  steps. 

^  ~  Determine  the  resonant  frequencies  with  the  modified  Rossiter 
expression  (Reference  3) : 
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m  -0.25 
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+1.75 


(1+  ^  m2) 


1/2 


m  =  1,2.3  (1) 


where  V  is  the  free-stream  velocity,  L  is  the  cavity  length  and  M  is  the 
free-stream  Mach  number. 


STEP  II  -  Determine  the  peak  one-third  octave  normalized  SPL  for  f^^,  f  , 
and  f^  with: 
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L/D  =  7 


20  log  (P^max/q)  -  20  log  (P2max/q)  L/D  =5,7  (4) 

where  P^max  are  the  maximum  fluctuating  pressures  for  each  mode  frequency; 

^n  ^  free-stream  dynamic  pressure. 

STEP  III  -  Determine  the  peak  one-third  octave  band  amplitude  at  the  desired 
longitudinal  position  for  each  resonant  frequency  with  the  following 
equation: 
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where 

0=^  =  3.5 

=  6.3 

=  10.0 

STEP  IV  -  Determine  the  peak  normalized  one-third  octave  band  levels  of  the 
broadband  spectrum  at  the  location  in  the  cavity  from: 


p  20  log  -11  -12  (1  -X/L)  L/D  =  5 

20  log  (— )x/L  ^  P 

20  log  _  5  _ig  (1  _x/L)  L/D  =  7 

STEP  V  -  Determine  the  normalized  broadband  spectrum  from  Figure  66. 

Another  significant  finding  from  the  flight  test  was  that  dynamic 
pressure  (q)  scaling  did  not  account  for  the  total  variation  in  the  SPL  with 
altitude  for  certain  cavity  locations;  however,  at  two  cavity  locations 
scaling  with  q  did  account  for  the  complete  change  in  the  SPL  with  a  change 
in  the  altitude,  i.e.,  the  SPL  referenced  to  q  was  the  same  for  any  altitude. 
This  same  result  was  found  in  Reference  1  for  a  cavity  with  an  L/D  ratio  of 
four.  Previous  investigators  have  shown  that  for  a  fixed  Mach  number  q 
scaling  accounted  for  any  significant  change  in  the  SPL  for  various  pressure 
altitudes.  The  reason  they  did  not  observe  this  phenomenon  could  be  due  to 
the  cavity  positions  analyzed.  The  position  selected  could  be  one  at  which 
q  scaling  accounts  for  all  pressure  altitude  variations. 

The  prediction  method  presented  above  is  based  on  empirical  results 
which  were  selected  to  give  the  highest  sound  pressure  levels  in  the  cavity. 
Although  scaling  with  q  failed  at  some  points  in  the  cavity  the  predicted 
levels  will  be  conservative  at  these  locations. 
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IV.  CONCLUSIONS 


The  experimental  investigation  reported  herein  indicates  the  follow¬ 
ing  conclusions: 

1.  The  cavity  resonant  frequencies  can  be  accurately  predicted  by 
the  modified  Rossiter  formula. 

2.  The  amplitude  prediction  methods  in  Reference  3  were  conservative 
in  predicting  both  the  resonant  and  broadband  SPL  observed  in  actual  flight 
tests. 

3.  The  method  described  in  the  results  section  is  recommended  for 
predicting  more  realistic  SPLs  for  L/D  ratios  near  5  and  7  and  a  Mach  number 
in  the  range  of  0.6  to  1.3. 

4.  The  longitudinal  variation  of  the  rms  amplitude  associated  with 
each  resonant  frequency  can  be  described  as  ordered  modes. 

5.  At  the  rear  of  the  cavity  the  broadband  spectrum  for  constant 
flight  conditions  is  nearly  the  same  for  all  L/D  ratios. 

6.  The  maximum  broadband  levels  increased  towards  the  aft  end  of  the 
cavity  by  approximately  12  dB  for  L/D  =  5  and  18  dB  for  L/D  =  7. 

7.  Increasing  the  L/D  ratio  reduces  the  peak  amplitude  of  the  reso¬ 
nant  frequencies. 

8.  The  fluctuating  pressures  in  the  boundary  layer  7  inches  ahead 
of  the  cavity  are  significantly  affected  by  the  cavity  resonances.  The 
levels  at  the  resonant  frequencies  are  nearly  the  same  as  in  the  front  of 
the  cavity  and  at  frequencies  above  500  Hz  the  levels  are  increased  by  about 
10  dB. 


APPENDIX  A 


Description  of  Test  Article  and  Instrumentation 

CAVITY  MODEL 

The  cavities  were  40  inches  long,  9  inches  wide,  and  either  8  inches 
or  5.7  inches  deep.  They  were  constructed  with  0.250  inch  thick  aluminum 
(6061-T6)  with  two  1.50  inch  X  1.50  inch  X  0.25  inch  aluminum  (6061-T6) 
angles  welded  to  the  bottom  for  additional  support.  The  additional  support 
raised  the  natural  frequency  of  the  structure,  and  thus  it  was  hoped  that 
the  resonant  frequencies  of  the  structure  and  the  acoustic  resonant  frequen¬ 
cies  were  far  enough  apart  to  prevent  significant  coupling  of  the  two.  An 
accelerometer  was  mounted  in  the  floor  of  the  cavity  about  three-fourths 
of  the  distance  from  the  leading  edge  to  measure  the  structural  vibration 
amplitudes  and  frequencies  to  determine  whether  or  not  they  would  inter¬ 
fere  with  the  microphone  measurements.  The  cavities  were  mounted  in  a 
modified  SUU-41  munition  dispenser  pod.  A  picture  of  a  standard  pod  is 
shown  in  Figure  1*  and  the  necessary 'modifications  are  shown  in  Figure  2. 

The  SUU-41  pod  was  carried  on  the  triple  ejection  rack  (TER)  of  the  left 
pylon  of  the  aircraft.  Figure  3  schematically  illustrates  the  mounting. 

A  picture  of  the  pod  with  the  5.7  inch  deep  (L/D  =  7)  cavity  is  shown  in 
Figure  4. 

The  cavity  with  a  L/D  ratio  of  7  was  tested  with  an  ogive  store  mounted 
in  it  as  well  as  empty.  Figure  5  shows  the  relative  size  of  the  store  with 
respect  to  the  cavity.  It  should  be  noted  that  the  outer  edge  of  the  store 
is  3/4  of  an  inch  inside  the  plane  of  the  opening  of  the  cavity.  The  sig¬ 
nificance  of  this  will  be  explained  in  the  results  section  of  the  report. 

A  picture  of  the  store  mounted  in  the  cavity  is  shoxm  in  Figure  6, 

INSTRUMENTATION 

The  cavities  were  instrumented  with  nine  microphones,  one  accelerometer, 
a  thermocouple  and  three  static  pressure  ports.  The  location  of  the  instru¬ 
mentation  is  shown  in  Figure  7  with  a  typical  microphone  mounting  also 


*  All  Tables  and  Figures  referenced  are  in  Appendix  C 
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shown.  The  type  and  models  of  all  instrumentation  are  presented  in 
Figure  8. 

The  overall  system  response  for  the  Model  902H  crystal  accelerometer 
was  flat  within  ±  5  percent  from  2  to  6000  Hz.  The  system  response  for  the 
Model  MVA  2100  microphones  was  flat  within  2  dB  from  5  to  6000  Hz  while 
the  Model  MVA  2400  was  flat  within  2  dB  from  2  to  6000  Hz. 

The  accelerometer  was  calibrated  in  the  laboratory  using  a  Bruel  and 
Kjaer  Type  1606  vibration  preamplifier  (±  1  q  calibrator).  The  microphones 
were  calibrated  in  the  laboratory  with  a  General  Radio  Type  1552-B  sound 
level  calibrator.  The  measurements  system,  once  installed  in  the  aircraft, 
was  calibrated  with  an  insert  voltage  to  account  for  signal  loss  through 
the  cables. 

DATA  REDUCTION  PROCEDURES 

All  data  were  continuously  recorded  on  two  fourteen  channel  type 
recorders.  The  magnetic  tapes  recorded  in-flight  were  played  back  in  the 
laboratory  on  a  Honeywell  7400  record-reproduce  system.  Overall  time 
histories  and  one-third  octave  band  analysis  were  performed  over  the  freq¬ 
uency  range  of  12.5  Hz  to  10,000  Hz  using  a  General  Radio  multi-channel 
rms  detector  interfaced  with  a  2116  Hewlett-Packard  digital  computer.  The 
time  histories  were  correlated  with  the  specific  flight  conditions  which 
were  recorded  on  a  voice  channel. 

For  selected  microphone  and  accelerometer  data  narrowband  (2  Hz) 
analyses  were  performed  using  a  9300  power  spectral  density  analyzer.  The 
system  linearity  is  ±  0.5  dB  for  a  discrete  frequency  input.  Narrowband 
analysis  was  also  obtained  using  a  Hewlett-Packard  5450  Fourier  analyzer. 
The  data  reduction  system  used  is  schematically  shown  in  Figure  9. 


APPENDIX  B 


Experimental  Procedures  and  Results 

TEST  PROCEDURES 

The  three  altitudes  at  which  the  flight  tests  were  flown  are  3,000 
ft,  20,000  ft,  and  30,000  ft.  The  tests  include  flights  for  the  Mach 
number  ranges  0.61  to  0.93  for  3,000  ft  and  0.61  to  1.30  for  20,000  ft, 
and  30,000  ft.  Data  were  obtained  at  all  Mach  numbers  between  the  two 
extremes  since  the  aircraft  was  slowly  accelerated  from  the  lowest  to  the 
highest  Mach  number  (approximately  2  to  3  minutes)  with  data  being  recorded 
continuously.  The  majority  of  the  flights  requiring  speeds  in  excess  of 
M  =  0.9  below  30,000  ft  were  flown  over  Lake  Huron  with  the  remaining 
flights  being  flown  over  Washington  Courthouse,  Ohio. 

TEST  RESULTS 

Boundary  Layer  Characteristics 

Data  from  the  flat  plate  configuration  was  presented  in  Reference  1. 

It  was  shown  that  the  boundary  layer  profiles  existing  at  the  leading 
edge  of  the  cavities  agree  reasonably  well  with  those  for  fully  developed 
turbulent  flow  (see  Figure  9,  Reference  1). 

The  boundary  layer  existing  at  the  cavity  entrance  when  the  cavity  is 
open  is  different  from  that  measured  for  the  closed  cavity  configuration 
due  to  the  upstream  propagation  of  the  pressure  fluctuations  occurring  in 
the  cavity.  A  comparison  is  shown  in  Figure  10  of  the  spectra  from  the 
microphone  located  upstream  from  the  cavity  entrance  for  the  closed  and 
open  configuration  (L/D  -  5)  at  a  Mach  number  of  0.82  and  an  altitude  of 
3,000  feet.  The  boundary  layer  fluctuating  pressure  spectrum  is  significantly 
affected  by  the  cavity  response.  Figure  10  also  includes  the  spectra  from 
Microphone  C  located  near  the  front  of  the  cavity.  At  the  cavity  resonances 
the  levels  in  the  boundary  layer  for  the  open  configuration  are  seen  to 
be  nearly  the  same  as  those  in  the  front  of  the  cavity  and  are  considerably 
higher  40  dB)  than  those  obtained  in  the  closed  configuration.  At 
frequencies  above  500  Hz  the  open  cavity  increases  the  levels  in  the  boundary 
layer  by  about  10  dB  and  at  these  frequencies  the  levels  are  greater  than 
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they  are  in  the  cavity.  These  effects  were  found  to  be  true  for  all  of 
the  cavity  configurations  and  all  flight  conditions.  Additional  flat 
plate  boundary  layer  noise  measurements  from  Microphone  A  for  various 
altitudes  and  speeds  are  presented  in  Reference  1. 

Static  Pressures 

Static  pressures  were  measured  at  three  locations  in  the  cavity.  Two 
pressure  transducers  were  located  in  the  rear  half  of  the  floor  and  one  in 
the  aft  wall  (see  Figure  7).  The  data  are  presented  as  the  difference 
between  the  cavity  static  pressure  and  the  free-stream  static  pressure 
Poo  normalized  with  the  free-stream  static  pressure.  The  data  shown  in 
Figure  11  are  representative  of  that  for  the  entire  test.  It  is  seen  that 
the  cavity  static  pressure  increases  towards  the  rear  of  the  cavity  as 
earlier  investigators  (References  3,  6,  and  8)  observed.  As  the  Mach 
number  is  increased  the  static  pressure  increased  reaching  its  maximum 
at  the  maximum  speed,  however,  there  were  exceptions  as  can  be  seen  in 
Figure  11.  It  must  be  pointed  out  that  one  cannot  extrapolate  this  obser¬ 
vation  very  far  beyond  the  range  of  the  test  because  it  was  found  in  Ref¬ 
erence  3  (for  wind  tunnel  tests)  that  the  static  pressure  at  the  rear  of 
the  cavity  starts  to  decrease  around  M  =  2.  This  trend/ was  also  noted  in 
Reference  6. 

Static  pressure  data  for  all  L/D  ratios  were  compared  but  no  apparent 
trend  with  L/D  was  observed.  The  total  spread  of  all  the  data  recorded 
(all  Mach  numbers,  all  L/D  ratios  and  all  altitudes)  at  each  position  is 
shown  in  Figure  12.  The  maximum  pressure  increases  towards  the  rear  of  the 
cavity  and  the  total  spread  in  the  data  increases  towards  the  aft  end  with 
the  data  spread  at  the  rear  a  factor  of  3  greater  than  at  the  center. 

The  cavity  with  a  L/D  ratio  of  7  was  flown  with  and  without  an  ogive 
store  symmetrically  mounted  in  it.  The  total  spread  of  the  static  pressures 
at  each  position  with  the  ogive  store  is  also  presented  in  Figure  12.  The 
observed  static  pressures  with  the  ogive  store  were  generally  within  the 
range  of  those  obtained  in  the  empty  configuration. 
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Cavity  Temperatures 


In  the  past,  investigators  have  assumed  the  temperature  in  the  cavity 
to  be  nearly  equal  to  the  free-stream  static  temperature  as  opposed  to 
the  free-stream  stagnation  temperature.  Cavity  temperatures  for  wind 
tunnel  tests  were  presented  for  the  first  time  in  Reference  3  and  it  was 
shown  that  the  temperatures  inside  the  cavity  approach  the  free-stream 
stagnation  temperature. 

Cavity  temperatures  were  measured  in  the  flight  test  with  a  thermo¬ 
couple  mounted  near  the  center  of  the  aft  wall  (see  Figure  7).  The  results 
for  the  L/D  =  7  with  store  configuration  are  shown  in  Figure  13,  along 
with  wind  tunnel  results  from  Reference  3.  It  can  be  seen  that  the  wind 
tunnel  data  show  a  trend  for  the  cavity  temperature  to  approach  the  stagna¬ 
tion  temperature  with  increasing  Mach  number.  At  the  lower  Mach  numbers 
the  flight  data  fall  well  above  the  wind  tunnel  results  but  at  supersonic 
speeds  the  data  agree  quite  well.  The  reason  for  high  recovery  factors  at 
the  lower  speeds  is  believed  to  be  due  to  the  flight  profiles.  The  sequence 
of  recording  data  was  generally  from ‘the  lowest  altitude  to  the  highest, 
thus  the  cavity  walls  would  be  at  a  temperature  above  the  stagnation  tempera¬ 
ture  each  time  the  aircraft  changed  altitude.  It  is  believed  that  this 
temperature  excess  is  the  cause  of  the  higher  recovery  factors  at  the  lower 
Mach  numbers.  Figure  14  shows  two  consecutive  runs  at  an  altitude  of  20,000 
ft  displaying  a  reduction  in  recovery  factors  for  the  second  set  of  tempera¬ 
ture  measurements.  This  tends  to  substantiate  the  above  explanation  since 
the  second  temperature  measurements  are  for  the  same  flight  conditions  at 
a  later  time  and  the  cavity  wall  temperature  was  lower  due  to  the  increased 
soak  time.  The  reduction  in  recovery  factors  for  the  second  set  indicates 
that  the  measured  temperature  is  affected  by  the  duration  of  time  the  air¬ 
craft  is  at  the  same  altitude. 

Due  to  anomalies  in  the  temperature  measurements,  acceptable  data  were 
obtained  for  only  two  test  configurations,  L/D  =  7  with  store  and  L/D  =  5. 
The  L/D  =  5  results  displayed  the  same  trend  as  for  the  L/D  =  7  with  store 
configurations  presented  in  Figure  13.  Thus,  it  appears  that  L/D  ratio  or 
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the  addition  of  a  store  does  not  affect  the  temperature  trend  in  the  cavity 
and  it  is  concluded  that  the  temperature  in  a  cavity  exposed  to  free-stream 
flow  approaches  the  free-stream  stagnation  temperature  as  was  found  in  the 
wind  tunnel  tests  of  Reference  3. 

Resonant  Frequencies 

Narrowband  (2  Hz)  frequency  spectra  were  obtained  from  various  micro¬ 
phone  locations  to  identify  the  discrete  resonant  frequencies  in  the 
recorded  data.  Typical  narrowband  spectra  are  shown  in  Figures  15  -  26  for 
Microphone  C  at  an  altitude  of  20,000  ft  and  various  Mach  numbers  and  for 
the  three  test  configurations.  The  predicted  resonant  frequencies  are  depicted 
in  the  figures  by  dashed  lines  for  the  first  three  modes.  The  narrowband 
energy  distribution  is  more  apparent  in  the  higher  Mach  number  spectra.  The 
nondimens ional  resonant  frequencies  or  Strouhal  number  (S  =  fL/V)  were  cal¬ 
culated  for  each  observed  resonant  frequency  f.  The  free-stream  velocity 
was  calculated  from  the  free-stream  static  temperature  and  measured  Mach 
number.  Only  those  resonant  frequencies  that  were  about  5  dB  or  more  above 
the  broadband  level  were  used  to  calculate  the  nondimensional  frequencies. 

The  calculated  Strouhal  numbers  for  all  three  L/D  ratios  are  presented  in 
Figure  27  along  with  the  data  from  Reference  3  for  L/D  ratios  of  4,  5.7, 
and  7.  The  solid  curves  represent  the  modified  Rossiter  equation  for  the 
Strouhal  relation  given  by: 


S 


m  -0.25 


M 


(1+ 


+1.75 


m  =  1,2,3  (1) 


It  is  seen  that  the  nondimensional  resonant  frequencies  vary  little  with  the 
L/D  ratio.  Variations  in  the  ambient  pressure  (altitude)  also  had  little 
effect  as  the  data  in  Figure  27  include  all  test  altitudes.  The  addition  of 
a  store  did  not  affect  the  frequency  as  can  also  be  seen  in  the  figure.  It 
was  observed  in  Reference  3  that  the  resonant  frequencies  were  relatively 
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insensitive  to  variations  in  these  variables  but  they  determine  in  an 
unknown  way  the  "occurrence"  of  the  discrete  frequencies. 

The  modified  Rossiter  formula.  Equation  (1),  is  seen  in  Figure  27  to 
be  a  good  fit  to  the  flight  data  and  is  thus  recommended  for  predicting 
the  resonant  frequencies  of  a  cavity  with  L/D  ratios  between  4  and  7. 

Vibration  Levels 

The  vibration  levels  were  measured  by  an  accelerometer  mounted  on  the 
floor  of  the  cavity  at  3/4  of  the  cavity  length  from  the  leading  edge  (see 
Figure  7).  Data  were  recorded  continuously  by  the  same  instrumentation 
as  that  used  with  the  microphones  and  one-third  octave  band  analyses  were 
performed  for  various  test  conditions.  A  typical  spectrum  for  each  test 
configuration  is  shown  in  Figure  28.  There  is  only  a  small  difference 
between  the  L/D  =  5  and  L/D  =  7  spectra.  A  significant  reduction  in  the 
low  frequencies  is  seen  in  the  spectrum  from  the  store  configuration. 

The  vibration  sensitivity  of  the' microphones  used  was  90  dB/lg,  i.e., 

Ig  of  acceleration  of  the  microphone  would  produce  not  more  than  a  90  dB 
reading.  Figure  29  shows  the  measured  spectra  for  Microphone  E  (the  nearest 
one  to  the  accelerometer,  see  Figure  7)  along  with  the  corresponding  spectra 
induced  in  a  microphone  due  to  the  measured  acceleration  for  an  altitude  of 
3,000  ft  and  a  Mach  number  of  0.82.  There  is  a  30  dB  or  more  difference 
between  the  two  curves  at  all  frequencies,  therefore,  it  can  be  assumed  that 
the  vibration  effect  on  the  microphones  was  insignificant.  It  was  also 
assumed  throughout  the  report  that  the  acoustic  energy  input  to  the  system 
from  the  vibration  of  the  walls  was  negligible. 

Fluctuating  Pressures 

Fluctuating  pressures  were  measured  at  the  nine  locations  shown  in 
Figure  7  for  all  three  test  altitudes.  The  data  were  obtained  from  micro¬ 
phones  at  these  locations  and  were  recorded  continuously  as  the  aircraft 
slowly  accelerated  from  the  lowest  to  the  highest  Mach  number.  The 
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recorded  data  were  analyzed  at  approximately  every  0.1  Mach  number  using 
a  two  second  sample  time.  For  the  frequencies  of  interest  this  insures 
a  good  statistical  representation  of  the  data.  Throughout  the  report  the 
fluctuating  pressures  are  either  presented  as  sound  pressure  levels 
referenced  to  20  yN/m  or  are  normalized  to  the  free-stream  dynamic 
pressure  (q)  and  presented  logarithmically.  The  dynamic  pressures  were 
computed  from  the  free-stream  Mach  number  and  free-stream  static  pressures. 
These  are  presented  in  Table  1  for  each  pressure  altitude  and  Mach  number. 

In  addition  Table  1  includes  the  quantity  required  to  convert  the  logarith¬ 
mic  normalized  fluctuating  pressures  to  sound  pressure  levels,  i.e.,  add  the 
last  columns  of  Table  1  to  20  log  p/q  to  obtain  the  sound  pressure  level 
referenced  to  20  yN/m. 

The  overall  fluctuating  pressure  time  histories  from  Microphone  C  for 
all  three  altitudes  and  a  L/D  ratio  of  5  are  presented  in  Figure  30  with 
the  same  data  for  a  L/D  ratio  of  7  presented  in  Figure  31.  These  time 
histories  are  representative  of  all  the  data  observed  except  the  spread 
between  the  data  at  each  altitude  differs  at  different  positions  along  the 
cavity.  This  variation  will  be  discussed  in  greater  detail  below  when  the 
one- third  octave  band  data  are  presented. 

The  time  histories  indicate  that  the  overall  SPL  increases  with  Mach 
number  to  some  maximum  value  and  then  decreases  with  further  increases  in 
the  Mach  number.  It  appears  that  the  Mach  number  which  corresponds  to  the 
maximum  SPL  is  a  function  of  the  L/D  ratio.  The  time  histories  for  the 
L/D  =  5  configuration  indicate  a  Mach  number  of  about  1.25  for  the  maximum 
overall  SPL  while  L/D  =  7  data  show  that  the  maximum  occurs  about  1.15.  If 
these  values  are  extrapolated  linearly  to  an  L/D  ratio  of  4,  a  Mach  number 
of  1.30  would  be  predicted  for  the  maximum  SPL.  The  time  histories  for  the 
L/D  =  4  configuration  presented  in  Reference  1  displayed  no  maximum  for 
Mach  numbers  up  to  1.30.  In  light  of  the  present  data  this  is  expected  since 
the  maximum  SPL  should  occur  near  Mach  1.30  and  no  data  were  available  for 
higher  Mach  numbers. 

Figures  32  through  40  present  the  one-third  octave  band  spectra  from 
Microphone  A  through  I  at  a  Mach  nxunber  of  0.82  for  the  L/D  ratio  of  5. 


13 


The  same  data  for  the  L/D  ratio  of  7  are  presented  in  Figures  41  through 
49.  Data  for  each  test  altitude  (3,000  ft;  20,000  ft,  30,000  ft)  are 
included.  The  resonant  peaks  in  the  spectra  are  evident  and  appear  most 
strongly  at  the  lowest  altitude.  It  is  also  evident  that  the  deeper  cavity 
displays  higher  SPLs  for  the  same  conditions.  The  data  for  the  L/D  ratio 
of  4,  Reference  1,  indicated  that  dynamic  pressure  scaling  did  not  account 
for  the  total  spread  in  the  data  at  all  microphone  locations.  It  was 
shown  that  the  only  positions  in  the  cavity  that  scaled  reasonably  well 
were  at  X/L  =  0  and  0.5  with  the  other  microphone  locations  failing  by  as 
much  as  30  dB.  The  flight  data  from  the  other  two  L/D  ratios  follow  the 
same  trend,  i.e.,  dynamic  pressure  scaling  accounts  for  the  total  spread  in 
the  data  only  at  cavity  locations  X/L  =  0  and  X/L  =  0.5.  The  lack  of  scal¬ 
ing  for  the  mode  2  frequency  of  the  L/D  =  5  configuration  at  a  Mach  number 
of  0.82  can  easily  be  seen  in  Figure  50.  At  X/L  =  1.0  there  is  28  dB 
spread  in  the  scaled  data. 

It  was  shown  in  Reference  3  that  the  longitudinal  variation  of  the  mode 
frequency  amplitudes  could  be  described  as  ordered  modes.  Ramped  sinusoidal 
functions  were  used  to  define  these  mode  shapes  and  they  were  fit  to  the 
3,000  ft  data  in  Reference  1.  The  accuracy  of  the  fit  was  very  good.  Since 
q  scaling  fails  at  certain  cavity  locations,  considerable  conservatism  (for 
the  higher  altitudes)  will  result  when  predicting  the  aero-acoustic  environ¬ 
ment  in  the  cavity  at  those  positions  that  do  not  scale,  however,  from  an 
engineering  standpoint  this  conservatism  is  acceptable.  The  same  approach 
was  used  with  the  data  presented  in  this  report,  i.e.,  only  the  3,000  ft 
data  were  used  to  modify  the  prediction  equations. 

The  data  for  L/D  ratios  of  5  and  7  were  compared  to  the  mode  shape  equa¬ 
tion  derived  for  the  L/D  =  4  configuration.  The  curves  did  not  fit  the 
data  very  well  with  differences  as  large  as  20  dB.  These  large  differences 
are  attributed  to  two  major  variations  in  the  aero-acoustic  environment. 
First,  the  increase  in  the  SPL  from  the  fore  end  to  the  aft  end  of  the 
cavity  is  greater  for  the  shallower  cavities.  Wind  tunnel  data  (References 
3  and  6)  indicate  the  same  trend.  Figure  51  displays  this  trend  by  pre¬ 
senting  one- third  octave  band  peak  data  from  Microphones  C  and  H,  which  are 
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located  in  the  fore  and  aft  end  respectively,  for  a  Mach  number  of  0.82 
and  altitude  of  3,000  ft.  The  increase  for  L/D  =  A  is  about  7  dB  and  for 
L/D  =  7  it  is  around  18  dB.  This  would  result  in  about  an  11  dB  error  if 
the  prediction  equations  do  not  account  for  this  variation.  Second,  the 
amplitude  of  the  mode  2  frequencies  decrease  for  larger  L/D  ratios.  It  is 
seen  in  Figure  51  that  the  mode  2  amplitude  at  the  rear  of  the  cavity 
(Microphone  H)  decreases  12  dB  for  the  L/D  variation  while  the  mode  2 
amplitude  at  the  front  of  the  cavity  (Microphone  C)  decreases  about  23  dB. 
This  results  in  an  11  dB  increase  in  the  amplitude  rise  towards  the  rear 
of  the  cavity  for  the  range  of  L/D  ratios  presented. 

The  other  mode  frequencies  did  not  follow  the  same  trend  as  mode  2 
as  can  be  seen  in  Figure  52.  Mode  1  amplitude  increases  around  1  dB  at 
L/D  =  5  then  decreases  about  3  dB  at  L/D  =  7.  Mode  3  amplitude  increases 
until  it  is  nearly  equal  to  the  mode  2  SPL.  The  prediction  equations  must 
take  these  variations  into  account.  Also  included  in  Figure  52  are  data 
points  from  Reference  8  for  modes  2  and  3  at  L/D  ratios  of  4  and  6.  Although 
the  agreement  in  levels  is  not  particularly  good,  the  basic  trends  are  the 
same.  The  agreement  in  trends  is  quite  good. 

Data  from  Microphone  C  for  the  L/D  =  5  configuration  for  various  Mach 
numbers  from  all  three  test  altitudes  are  presented  in  Figures  53  -  55  and 
the  same  data  for  the  L/D  =  7  configuration  are  presented  in  Figures  56-58. 
The  data  indicate  that  the  amplitude  of  the  mode  frequencies,  relative  to 
the  broadband  level,  increases  with  Mach  number.  Also  it  can  be  noted 
that  the  mode  frequencies  increase  with  Mach  number.  The  Mach  number  effects 
on  each  mode  frequency  are  summarized  in  Figures  59-60.  The  L/D  =  5 
results.  Figure  59,  show  modes  2  and  3  having  nearly  equal  amplitudes  up  to 
about  Mach  0.9  and  then  mode  3  drops  to  about  10  dB  below  mode  2  at  Mach 
1.3.  Mode  1  is  consistently  the  lowest  of  the  three  modes.  Figure  60 
indicates  that  for  L/D  =  7  the  amplitudes  of  the  resonant  modes  do  not  vary 
more  than  5  dB  at  any  Mach  number. 
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The  prediction  equations  developed  in  Reference  1  were  modified  to 
account  for  changes  in  the  L/D  ratio  based  upon  the  above  data.  The 
modified  equations  for  the  amplitudes  of  the  first  three  mode  frequencies 
are  as  follows: 


p  -  8  +  20  log  (-M^+2M  -0.7)  L/D  =  5 

20  log  - )  =  (2) 

-14  +  20  log  (-M^+2M  -0.7)  L/D  =  7 

, 

p  20  log  (-^  °^^)  -6  L/D  =  5 

20  log  (-^)  =  p  (3) 

20  log  (-^^)  -2  L/D  =  7 


20  log  (^^)  =  20  log  (!^)  L/D  =  5.7  (4) 


where  ,  P2  and  P^  are  the  one-third  octave  band  sound  pressure 

levels  at  the  rear  of  the  cavity  for  the  first  three  resonant  modes  respec¬ 
tively. 

The  equations  used  to  predict  the  longitudinal  distribution  of  the  amp¬ 
litude  for  each  mode  were  also  modified  to  reflect  L/D  variations.  The 
resulting  mode  shape  equations  are  as  follows: 


20  )x/L  = 


=  10.0 


20  log  (-a-S!§X)  _10 

20  log  ^  _io 

n  =  1,2,3 


[2  -  X/L  -|cosoc^X/l1]  L/D 

[2.7  -1.7  X/L-1cos«^X/l| ] 
L/D  =  7 


5 


(5) 
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p 

where  20  log  are  one-third  octave  band  sound  pressure  levels  for 

q  a/L 

the  mode  frequencies  at  nondimensional  locations  in  the  cavity  and 
P 

20  log  are  the  one-third  octave  band  sound  pressure  levels  for  the 

mode  frequencies  at  the  rear  of  the  cavity.  These  equations  are  plotted 
in  Figure  61  for  a  L/D  ratio  of  5  and  in  Figure  62  for  a  L/D  ratio  of  7. 

The  measured  data  for  an  altitude  of  3000  feet  and  Mach  number  of  0.82 
are  also  presented  in  both  figures.  The  agreement  is  seen  to  be  quite  good 
for  both  configurations  with  the  maximum  error  being  about  4  dB.  With  the 
equations  presented  thus  far  it  is  possible  to  predict  the  one-third  octave 
band  levels  of  each  of  the  first  three  resonant  frequencies  as  a  function 
of  Mach  number,  cavity  longitudinal  position  and  L/D  ratio.  However,  to 
predict  the  complete  one-third  octave  band  spectrum  the  broadband  levels 
are  needed. 

Broadband  Levels 

It  was  shown  in  Reference  1,  for  L/D  =  4,  that  the  broadband  levels 
increase  towards  the  rear  of  the  cavity.  The  magnitude  of  the  increase  was 
10  dB  and  was  assumed  linear  for  prediction  purposes.  The  flight  data  for 
the  L/D  ratios  of  5  and  7  show  that  this  increase  is  larger  for  shallower 
cavities  as  was  also  noted  in  Reference  3. ^  Figure  63  presents  the  one- 
third  octave  band  spectra  at  locations  along  the  cavity  for  an  altitude  of 
30,000  ft  and  Mach  number  of  0.82  for  the  L/D  =  5  configuration.  The  same 
data  for  the  L/D  =  7  configuration  are  presented  in  Figure  64.  Both  figures 
clearly  indicate  the  increase  of  the  broadband  levels  toward  the  rear  of  the 
cavity.  Figure  63,  for  L/D  =  5,  indicates  an  increase  of  about  13  dB  while 
Figure  64,  for  L/D  =  7,  shows  an  increase  of  about  17  dB.  For  prediction 
purposes  these  increases  were  assumed  linear  along  the  cavity. 

The  difference  between  the  resonant  peaks  and  the  maximum  broadband  levels 
were  observed  to  decrease  with  increasing  L/D  ratio.  This  trend  is  easily 
noted  in  Figure  65  for  data  from  the  rear  of  the  cavity.  There  is  a  15  dB 
difference  for  L/D  =  4,  around  11  dB  for  L/D  =  5,  and  near  5  dB  for  L/D  =  7. 
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The  shape  of  the  broadband  spectrum  is  essentially  the  same  for  all  three 
L/D  ratios.  Broadband  data  from  other  cavity  locations  collapsed  nearly 
as  well  as  that  at  the  rear  of  the  cavity.  Since  the  shape  of  the  broadband 
essentially  does  not  vary  with  L/D  ratio  a  similar  prediction  curve  as 
developed  in  Reference  1  for  L/D  =  4  was  utilized  for  the  other  L/D  ratios. 
The  higher  frequency  end  of  the  curve  was  adjusted  to  obtain  betteV  agree¬ 
ment  with  the  data.  Also,  the  prediction  equations  were  modified  to  account 
for  variations  in  levels  at  longitudinal  positions  and  to  account  for  the 
difference  between  the  resonant  peaks  and  the  maximum  broadband  levels  as 
was  noted  above. 

The  resulting  equations  to  predict  the  maximum  broadband  levels  are: 

Ip 

20  log  (-XMS)  _ii  _i2  (1-X/L)  l/D  =  5 

^  //-x 

P  (6) 

20  log  -  5  -18  (1-X/L)  L/D  =  7 

q 

where  P,  is  the  rms  pressure  in  the  peak  one- third  octave  band  of  the 
b 

broadband  spectrum.  Figure  66  presents  the  resulting  curve  for  predicting 
the  broadband  levels  in  a  cavity  for  various  L/D  ratios. 

Effect  of  Store  Insertion 

In  order  to  determine  the  effect  a  store  has  on  the  fluctuating  pressure 
environment  in  the  cavity  an  ogive  store  was  mounted  in  the  L/D  =  7  con¬ 
figuration  as  shown  in  Figures  5  and  6.  This  configuration  was  tested  for 
the  same  flight  conditions  as  the  empty  cavities  and  the  same  data  were 
obtained.  Figures  67  -  75  present  data  from  Microphones  A  through  I  for 
each  test  altitude  at  Mach  0.82,  Figures  76  -  78  present  data  from  Micro¬ 
phone  C  for  various  Mach  numbers.  The  figures  reveal  variations  from  the 
empty  cavity  data.  Figures  79  -  86  illustrate  these  differences  by  compar¬ 
ing  the  spectra  from  the  empty  and  the  store  containing  cavities  for  several 
test  conditions.  A  major  effect  of  store  insertion  is  seen  to  be  a  reduction 
in  the  amplitude  of  the  low  frequencies. 
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The  reduction  in  low  frequencies  is  seen  to  increase  with  altitude 
for  the  same  Mach  number.  The  effect  of  the  store  on  the  resonant  peaks 
is  difficult  to  distinguish  at  the  Mach  numbers  which  were  flight  tested. 
These  effects  become  more  apparent  at  higher  Mach  numbers  (i.e. ,  see  Figure 
85)  and  generally  result  in  a  decrease  of  3  -  4  dB  in  the  first  three 
resonant  peaks. 

It  was  concluded  in  Reference  3  that  the  location  of  the  store,  with 
regards  to  store-shear  layer  interaction,  was  the  determining  factor  as  to 
the  magnitude  of  reduction  that  would  be  realized.  If  the  store  does  not 
interact  with  the  shear  layer,  little  reduction  will  occur.  Also,  it  was 
observed  that  if  the  store  is  not  wide  enough  to  effectively  fill  the  cavity 
mouth  area  the  undisturbed  portion  of  the  shear  layer  is  still  capable  of 
exciting  cavity  resonances.  The  wind  tunnel  data  of  Reference  3  showed  that 
one  store  (2  inches  wide  in  a  7  inch  wide  cavity  opening)  at  Mach  0.8 
resulted  in  only  a  3  dB  reduction  in  the  peak  fluctuating  pressures  while 
a  two  store  configuration  resulted  in  approximately  16  dB  reduction.  The 
flight  tested  store  was  4  inches  wide  giving  an  area  closure  ratio  between 
the  referenced  one  and  two  configurations.  In  general,  for  the  flight  test 
Mach  numbers  the  reduction  in  the  level  of  the  first  three  resonant  frequen¬ 
cies  was  between  those  found  in  Reference  3.  However,  sufficient  data  are 
not  available  to  generalize  the  effects  of  the  store-in-cavity  configuration. 
This  can  be  clearly  seen  by  careful  examination  of  the  data  presented  in 
Figure  46  of  Reference  3,  considering  both  Mach  number  and  store  effects. 

Prediction  Method  for  Fluctuating  Pressures 

The  results  presented  above  can  be  used  to  predict  the  characteristics 
of  the  fluctuating  pressure  which  will  occur  in  open  rectangular  cavities. 
The  step  by  step  procedure  required  to  obtain  the  one-third  octave  band 
spectra  at  various  locations  in  the  cavity  are  given  below: 

Step  1  -  Determine  the  first  three  resonant  frequencies  with  the  modified 
Rossiter  equation  from: 
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f  =  f 

m  L 


m  -0.25 


M 


+1.75 


m  =  1,2,3,  (1) 


(1+  ^  m2) 


Step  2  -  Determine  the  maximum  normalized  one-third  octave  band  amplitude 
for  each  frequency  from: 


t  /  ^  max^ 

20  log  ( — - - )  = 


1  /I  max^ 

20  log  ( — - - )  = 


-  8  +20  log  (-m2  +2M  -0.7) 

L/D  =  5 

-14  +20  log  (-m2  +2M  -0.7) 

L/D  =  7 

20  log  (  --  -6 

q 

L/D  =  5 

20  log  _2 

L/D  =  7 

(2) 


(3) 


20  log  (—  =  20  log  (_2_S§Xj 


L/D  =5,7  (4) 


Step  3  -  Determine  the  longitudinal  variation  of  the  one- third  octave  band 
amplitude  for  each  mode  frequency  from: 


20  log  (^)  = 


20  log  -10  [2  -X/L  -|cos-^X/l|]  L/D  =  5 

p  (5) 

20  log  -10  [2.7  -1.7  X/l|cos«^X/l|]  L/D  =  7 


n  =  1,2,3 


*1=  3.5 

=  6.3 


=  10.0 
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Step  4  -  Determine  the  peak  normalized  one-third  octave  band  level  of  the 
broadband  spectrum  at  the  location  in  the  cavity  from: 


,  b  maxs  _ 
20  log  ( — - - )  = 


20  log  (  ^  )  -11  -12  (1-X/L)  L/D  =  5 


20  log  (  )  -5  -18  (1-X/L)  L/D  =  7 


(6) 


Step  5  -  Determine  the  normalized  broadband  spectrum  from  Figure  66. 

The  prediction  method  given  above  is  empirical  and  applies  to  rectangular 
cavities  with  L/D  ratios  in  the  range  of  5  and  7  and  for  a  Mach  number  range 
from  0.6  to  1.3. 

Comparison  of  Predicted  Results  to  Flight  Data 

Spectra  resulting  from  the  prediction  equations  were  compared  to  the 
flight  data  for  several  test  conditions.  Figure  87  presents  the  measured 
and  predicted  spectra  for  the  L/D  =  5  configuration  at  Mach  0.82  and  3,000 
ft  altitude  while  Figure  88  presents  the  same  data  for  L/D  =  7 .  The  agree¬ 
ment  is  seen  to  be  quite  good  for  all  six  cases  presented.  A  comparison  was 
also  made  for  Mach  numbers  of  0.61  and  1.30  to  determine  how  well  the  equa¬ 
tions  predicted  the  spectra  at  the  Mach  number  extremes.  The  results  of 
this  comparison  are  shown  in  Figures  89  anH  90.  It  is  apparent  that  the 
prediction  equations  do  quite  well  over  the  entire  spectrum  at  the  upper 
Mach  number  limit  of  1.30  but  tend  to  under-predict  the  broadband  spectrum 
at  the  lower  Mach  number  limit  of  0.61. 

Working  Example 

For  clarity  an  example  is  presented  illustrating  the  use  of  the  prediction 
method  and  a  comparison  is  made  of  results  of  this  method  to  those  obtained 
from  Reference  3. 

Consider  the  case  of  an  aircraft  flying  at  Mach  0.9  near  sea  level 
with  an  open  nearly  rectangular  cavity  20  ft  long  and  L/D  ratio  of  either 
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5  or  7.  It  is  desired  to  predict  the  aero-acoustic  environment  at  the 
rear  of  the  cavity  for  L/D  =  5  and  at  the  front,  center  and  rear  for 
L/D  =  7.  The  solution  is  as  follows: 

From  Step  1,  Equation  (1),  the  first  3  mode  frequencies  for  both 
cases  are  determined  to  be: 
f^  =  15  Hz 
=  34  Hz 
f3  =  54  Hz 

Equations  (2) ,  (3) ,  and  (4)  of  Step  2  are  used  to  calculate  the  maximum 
normalized  amplitude  for  each  mode  frequency  and  results  in  the  following 
values : 

for  L/D  =  5 

20  log  (^1  max/q)  =  -24 
20  log  (^2  max/q)  =  -18 
20  log  (^3  max/q)  *  -18 

for  L/D  =  7 

20  log  (^1  max/q)  =  -27 
20  log  (^2  max/q)  =  -25 
20  log  (^3  max/q)  =  -25 

The  amplitude  of  each  mode  frequency  at  the  desired  longitudinal  location 
is  determined  from  Step  3,  Equation  (5).  The  results,  referenced  to 
20  pN/m^,  are: 

for  L/D  =  5  at  X/L  =  1 

SPL^  =  165 
SPL2  =  171 
SPL3  =171 

for  L/D  =  7  at  X/L  =  1 

SPL^  =  162 
SPL2  =  164 
SPL3  =  164 
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at  X/L  =  0.5 

SPLj^  =  145 
SPL2  =155 
SPL^  =  148 

at  X/L  =  0.0 

SPLj^  =  145 
SPL2  =  147 
SPL^  =  147 

The  peak  normalized  one-third  octave  band  levels  of  the  broadband  spectra 
for  each  location  are  determined  from  Step  4,  Equation  (6).  These  are: 

for  L/D  =  5 

20  log  5  =  -29 

for  L/D  =  7 

2°  l-'S  .  1.0  =  -2° 

20  log  „  5  =  -39 

2°  2-8  (r’x/L  -  0  ■ 

The  final  step  is  to  determine  the  broadband  spectra  from  Figure  66. 

The  spectra  obtained  are  shown  in  Figure  91  along  with  the  spectrum 
that  would  result  using  the  scheme  offered  in  Reference  3.  It  is  seen  that 
the  scheme  from  Reference  3  is  conservative  for  all  cases  presented  with 
conservatism  being  the  greatest  at  the  fore  end  of  the  cavity.  It  should  be 
noted  that  the  current  prediction  equations  account  for  the  relative  variation 
of  the  resonant  frequency  amplitude  and  the  longitudinal  distribution  of 
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the  resonant  frequency  amplitudes  as  well  as  the  broadband  levels.  The 
spectrum  for  the  center  of  the  cavity  does  not  show  modes  1  and  3;  the 
reason  for  this  is  the  longitudinal  distribution  of  the  resonant  amplitudes. 
Figure  61  shows  that  modes  1  and  3  have  nodes  near  the  center  of  the 
cavity  and  thus  the  prediction  scheme  takes  this  into  account,  and  results 
in  the  spectra  given  in  Figure  91  for  this  particular  location. 
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APPENDIX  C 
TABLE  AND  FIGURES 
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MACH 

NR 

STATIC 

PRESSURE 

P» 

(psia) 

DYNAMIC 

PRESSURE 

<1  OB 

(psla) 

20  LOG  (-^) 

00 

(dB) 

0.61 

4.37 

1.12 

172 

6.76 

1.73 

175 

13.17 

3.37 

181 

0.71 

4.37 

1.56 

174 

6.76 

2.41 

178 

13.17 

4.69 

184 

0.82 

4.37 

2.06 

177 

6.76 

3.19 

181 

13.17 

6.21 

186 

0.93 

1 

4.37 

•  2.66 

179 

6.76 

4.11 

183 

• 

13.17 

8.01 

189 

1.05 

4.37 

3.35 

181 

6.76 

5.19 

185 

13.17 

10.11 

191 

1.17 

4.37 

4.18 

183 

6.76 

6.47 

187 

13.17 

12.60 

193 

1.30 

4.37 

5.17 

185 

6.76 

8.00 

189 

13.17 

15.58 

194 

TABLE  1  PRESSURE  REFERENCE  DATA 
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J _ I - - - SIDE  VIEW 


BOTTOM  VIEW 

MODIFIED  POD 


FIGURE  2  STANDARD  AND  MODIFIED  SUU-41  DISPENSER  POD 
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POD  ON  TER  OF  LEFT  INBOARD  PYLON 


WING  LOWER  SURFACE 


MODIFIED  SUU-41  POD 


FIGURE  3  MODIFIED  SUU-41  POD  MOUNTED  ON  RF-4C  AIRCRAFT 


FIGURE  5  STORE  CONTAINING  CAVITY  CONFIGURATION 


M- MICROPHONE 
T- THERMOCOUPLE 
A  -  ACCELEROMETER 
P  -  STATIC  PRESSURE  TAP 


TYPICAL  MICROPHONE  MOUNTING 


FIGURE  7  OPEN  CAVITY  INSTRUMENTATION  LOCATION 
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MAGNETIC  _ 

TAPE  I  CARD  PUNCH 
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FIGURE  9  DATA  REDUCTION  SYSTEM 


THIRD -OCTOE  BAND  LEVEL  IN  dB  RE  20juN/m 


X-  MACH  Nr.  0.61 
^^-MACH  Nr.  0.82 
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FIGURE  11  LONGITUDINAL  VARIATION  OF  STATIC  PRESSURE 

FOR  L/D  =  5  AND  P  =  6.76  psia 
00 
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FIGURE  12  TOTAL  SPREAD  OF  ALL  THE  NORMALIZED  STATIC  PRESSURE  DATA 
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FIGURE  13 


0- REFERENCE  3;  1970,  WIND  TUNNEL  DATA 
X- FLIGHT  DATA 


I  ' 

12  3 

MACH  NUMBER 

Tc- CAVITY  TEMPERATURE 

Tq  -  FREE  STREAM  STAGNATION  TEMPERATURE 

Tjp-FREE  STREAM  STATIC  TEMPERATURE 


COMPARISON  OF  CURRENT  RECOVERY  FACTORS  FOR  L/D  =  7 
CAVITY  WITH  OGIVE  STORE  TO  WIND  TUNNEL  RESULiS 
FROM  REFERENCE  3 
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X- FIRST  RUN 
0  -  SECOND  RUN 


Tp- CAVITY  TEMPERATURE 

To -FREE  STREAM  STAGNATION  TEMPERATURE 

Too- FREE  STREAM  STATIC  TEMPERATURE 


FIGURE  14  THERMAL  RECOVERY  FACTORS  AS  A  FUNCTION  OF  MACH 
NUMBER  FOR  L/D  =  7  WITH  OGIVE  STORE  AT  AN 
ALTITUDE  OF  20,000  FEET 
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NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  0.61  FOR  L/D  =  5 
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NARROWBAND  (2;  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  0.82  FOR  L/D»5 
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CALCULATED 


NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 


FLOW 
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FIGURE  19  NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE 
20,000  AT  MACH  0.61  FOR  L/D  =  7 
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FIGURE  20  NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  0.82  FOR  L/D  =7 
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NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  1.05  FOR  L/D  =7 


NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20.000  FEET  AT  MACH  1.30  FOR  L/D  =  7 
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mBQueioc't^  Hz. 

FIGURE  23  NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  0.61  FOR  L/D  =7  WITH  STORE 
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NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20,000  FEET  AT  MACH  0.82  FOR  L/D  =  7  WITH  STORE 
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NARROWBAND  (2  Hz)  SPECTRUM  FROM  MICROPHONE  C  FOR  AN  ALTITUDE  OF 
20.000  FEET  AT  MACH  1.30  FOR  L/D  »  7  WITH  STORE 


FIGURE  27  NONDIMENS lONAL  RESONANT  FREQUENCIES  AS  A  FUNCTION 
OF  MACH  NUMBER 
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\/  FREQUENCY  |N  CYCLES  PER*  SECOND 


FIGURE  29  COMPARISON  OF  ACTUAL  AND  VIBRATION  INDUCED  SPL  FOR  THE 
L/D  -  7  CONFIGURATION  AT  A  MACH  NUMBER  OF  0.82  AND 
ALTITUDE  OF  3,OOOOFEET 


FLOW 


FIGURE  30  OVERALL  TIME  HISTORIES  FROM  THE  MODIFIED  SUU-41 
POO  FOR  L/0  •  5 
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THIRD  “OCTAVE  BAND  LEVEL  IN  dB  RE  20juN/m 


THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20iiN/m 


ISO 


ALT.  3,000  ft. 
ALT.  20,000  ft. 
ALT.  30,000  ft. 


FIGURE  34  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  5 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20  4JN/m 


150 


ALT.  3,000  ft. 
ALT.  20,000  ft. 
ALT.  30,000  ft. 


FIGURE  35  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  D 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  5 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20iJN/m 


FREQUENCY  IN  CYCLES  PER  SECOND 


figure  37  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  F 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  5 


THIRD-OCTAVE  BAND  LEVEL  IN  dB  RE  20AJN/m 


FIGURE  38  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  G 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  5 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20juN/m 
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FIGURE  41 


ONE-THIRD  OCTAVE  BAND 
FOR  A  MACH  NUMBER  OF  0 


SPECTRA  FROM  MICROPHONE 
.82  AND  L/D  RATIO  OF  7 
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FIGURE  42  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE:  B 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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FIGURE  43  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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FIGURE  44  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  D 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20  iJN/rn 


THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20  iiN/m 


FIGURE  46  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  F 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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THIRD-OCTAVE  BAND  LEVEL  IN  dB  RE  20  jjN/m 


FIGURE  47  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  G 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20  uN/m 


ALT.  3,000  ft. 
ALT.  20,000  ft. 
ALT.  30P00  ft. 


FIGURE  48 


ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  H 
FOR  A  MACH  NUMBER  OF  0.82  AND  L/D  RATIO  OF  7 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  ZO  m/m 


FIGURE  49 


ONE-THIRD  OCTAVE  BAND 
FOR  A  MACH  NUMBER  OF 


SPECTRA  FROM  MICROPHONE  I 
0.82  AND  L/D  RATIO  OF  7 
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FIGURE  54  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
AT  AN  ALTITUDE  OF  20,000  FEET  FOR  L/D  =  5 
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FIGURE  55  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
AT  AN  ALTITUDE  OF  30,000  FEET  FOR  L/D  =  5 
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FREQUENCY  IN  CYCLES  PER  SECOND 


ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
AT  AN  ALTITUDE  OF  3,000  FEET  FOR  L/D  •  7 
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FIGURE  58  ONE-THIRB  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C 
AT  AN  ALTITUDE  OF  30,000  FEET  FOR  L/D  »  7 
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figure  59  OHE-THIRD  OCTAVE  BAND  SPECTRA  DEPICTING 
MACH  NUMBER  EFFECT  FROM  MICROPHONE  C  FOR 
L/D  -  5  AND  20,000  FOOT  ALTITUDE 
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FIGURE  61  COMPARISON  OF  THE  PREDICTION  SCHEME  WITH  DATA  FOR 

L/D  =  5  FROM  3,000  FOOT  ALTITUDE  AND  MACH  0.82 
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FIGURE  63  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE  L/D  «  5 
CONFIGURATION  DEPICTING  LONGITUDINAL  ttBADBAND 
VARIATION 
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ctniRF  64  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE  L/D  •  7 

figure  configuration  depicting  longitudinal  broadband 

VARIATION 
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FIGURE  65  ONE-THIRB  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  H 
FOR  A  MACH  NUMBER  OF  0.82  DEPICTING  L/D  EFFORT 
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FIGURE  66  BROADBAND  LEVEL  VERSUS  STROUHAL  NUMBER 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20juN/m 


THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20iiN/m 
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figure  71  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  E  OF  THE 

L/D  =7  WITH  STORE  CONFIGURATION  AT  A  MACH  NUMBER  OF  0.82 
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THIRD -OCTAVE  BAND  LEVEL  IN  dB  RE  20  4iN/m 


THIRD-OCTAVE  BAND  LEVEL  IN  dB  RE  20juN/m 
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FIGURE  75  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  I  OF  THE 

L/D  =  7  WITH  STORE  CONFIGURATION  AT  A  MACH  NUMBER  OF  0.82 
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FIGURE  76  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C  OF  THE 

L/D  =  7  WITH  STORE  CONFIGURATION  FOR  AN  ALTITUDE  OF  3,000  FEET 
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FIGURE  77  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C  OF  THE 

L/D  =  7  WITH  STORE  CONFIGURATION  FOR  AN  ALTITUDE  OF  20,000  FEET 
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FIGURE  78  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  MICROPHONE  C  OF  THE 

L/D  =  7  WITH  STORE  CONFIGURATION  FOR  AN  ALTITUDE  OF  30,000  FEET 
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FIGURE  79  COMPARISON  OF  THE  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 
L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  0.61  AND  ALTITUDE  OF  3,000  FEET 
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FIGURE  80  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  0.71  AND  ALTITUDE  OF  3,000  FEET 
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FIGURE  81  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOF  A  MACH  NUMBER 
OF  0.82  AND  ALTITUDE  OF  3,000  FEET 
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FIGURE  82  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  0.93  AND  ALTITUDE  OF  3,000  FEET 
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FIGURE  83  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  0.61  AND  ALTITUDE  OF  30,000  FEET 
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FIGURE  84  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  0.82  AND  ALTITUDE  OF  30,000  FEET 
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FIGURE  85 


COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FRON 
L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  mS 
OF  1.05  AND  ALTITUDE  OF  30,000  FEET 
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FIGURE  86  COMPARISON  OF  ONE-THIRD  OCTAVE  BAND  SPECTRA  FROM  THE 

L/D  =  7  EMPTY  AND  STORE  CONFIGURATION  FOR  A  MACH  NUMBER 
OF  1.30  AND  ALTITUDE  OF  30,000  FEET 
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FIGURE  87  COMPARISON  OF  MEASURED  AND  PREDICTED  ONE-THIRD  OCTAVE 
band  spectra  for  L/D  =  5  AND  MACH  NUMBER  0.82  at 
3,000  FEET  ALTITUDE 
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FIGURE  88  COMPARISON  OF  MEASURED  AND  PREDICTED  ONE-THIRD  OCTAVE 
band  spectra  for  L/D  =  7  AND  MACH  NUMBER  0.82  AT 
3,000  FEET  ALTITUDE 
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FIGURE  89  COMPARISON  OF  MEASURED  AND  PREDICTED  ONE-THIRD  OCTAVE 
BAND  SPECTRA  FOR  L/D  =  5  AT  30,000  FEET  ALTITUDE 
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FIGURE  91  COMPARISON  OF  SPECTRA  FROM  THE  WORKING  EXAMPLE  AND  THE 
PREDICTION  SCHEME  FROM  REFERENCE  3 
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